Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2022

Supporting Information

AAg,PS; (A = K, Na/K): the first-type of noncentrosymmetric
alkali metal Ag-based thiophosphates exhibiting excellent second-

order nonlinear optical performances

Wenfeng Zhou,? Bingxuan Li,> Wenlong Liu,? and Sheng-Ping Guo*?

@ School of Chemistry and Chemical Engineering, Yangzhou University, Yangzhou, Jiangsu
225002, P. R. China

b Key Laboratory of Optoelectronic Materials Chemistry and Physics, Fujian Institute of
Research on the Structure of Matter, Chinese Academy of Sciences, Fuzhou, Fujian 350002,

China

Corresponding author: spguo@yzu.edu.cn

S1


mailto:spguo@yzu.edu.cn

Supplementary Information Index

Tables and Figures

Table S1. Crystal data and structure refinement parameters for 1 and 2.

Table S2. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2 x
10%) for 1 and 2. U, is defined as 1/3 of the trace of the orthogonalized Uj; tensor.

Table S3. Bond lengths (A) for 1.

Table S4. The EDS results of 1 and 2.

Table S5. Bond valence sums 1 and 2.

Table S6. The calculated dipole moment and distortion (ogue?) of single AgS, tetrahedron
among 1 and the known Ag-based thiophosphates.

Table S7. The NLO data of known NLO-active thiophosphates with 3D framework.

Table S8. The measured birefringence of 2 at the wavelength of 546.1 nm with polarizing
microscope.

Fig. S1. Photographs of the crystals for 1 and 2.

Fig. S2. The EDS images for single crystals of 1 and 2.

Fig. S3. AgS, tetrahedra in (a) 1, (b) AgzPSy, (c) AgZnPS,, (d) AgHgPS,, (e) AgHg;PSs, and
(f) AgCdsPSs.

Fig. S4. Structural evolution from (a) AGS to (b) 1.

Fig. SS. Tauc plots of 1 and 2. n =2 (red and blue lines): direct band gap; n = 1/2 (green line):
indirect band gap.

Fig. S6. FT-IR spectra of for 1 and 2.

Fig. S7. TGA-DSC curves for 1 and 2.

Fig. S8. The calculated real parts (a and b) and imaginary parts (b and d) of optical dielectric
functions for 1 and 2.

Fig. S9. The frequency-dependent birefringence 4n of (a) 1 and (b) 2.

Fig. S10. Photograph of 2 for the measurement of birefringence.

S2



Table S1. Crystal data and structure refinement parameters for 1 and 2.

Empirical formula KAg,PS, (1) (Nag30Ko.70)AgPS4 (2)
Formula weight 414.05 409.30
Temperature/K 293(2) 293(2)
Crystal system Tetragonal Tetragonal

Space group 42m 42m
a/A 6.5985(3) 6.5992(3)
c/A 8.1549(9) 8.1499(6)
VIA3 355.07(5) 354.92(5)
V4 2 2
Deyic g/om’ 3.873 3.830
wmm! 7.383 7.231
F(000) 384.0 379.0
20 range for data collection/° 7.994 to 54.984 7.946 to 60.264

Index ranges -8<h<5,-8<k<7,-10<1<10

Reflections collected

852
Independent reflections 220 [Ri = 0.0230, R, = 0.0220]
Data/restraints/parameters 220/0/14
Goodness-of-fit on F? 1.065
Flack parameter 0.04 (3)

Final R indexes [I > 20 (I)] R1 = 0.0238, wR2 = 0.0666

Final R indexes [all data] R1=10.0241, wR2 = 0.0669

Largest diff. peak/hole/e A3 0.79/-0.67

9<h<6,-6<k<9,-11<I<1l
932
280 [Riy = 0.02301, R, = 0.0227]
280/0/15
1.058
0.00 (3)
R1=0.0223, wR2 = 0.0699

R1=0.0225, wR2 =0.0700

0.50/-0.68

“RI=[|Fo| - [FIFo]. "wR2 = [w(F? - FEPVwF?)*]".
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Table S2. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2 x

10%) for 1 and 2. U, is defined as 1/3 of the trace of the orthogonalized Uj; tensor.

Atom Wyckoff site x y z U,
1
K 2a 5000 5000 5000 25.9(8)
Ag 4d 0 5000 2500 40.8(6)
P 2b 0 10000 5000 8.9(7)
S 8i 1819(2) 8181(2) 3602(2) 18.1(6)
2
Na/K 2a 5000 5000 5000 27.7(16)
Ag 4d 5000 10000 7500 39.6(4)
P 2b 0 10000 5000 11.4(5)
S 8i 1822.9(18) 8177.1(18) 6393.1(18) 21.5(5)

Table S3. Bond lengths (A) for 1.

Bond Length/A Bond Length/A
1 2
K(1)-S(1) 3.180(2) x 4 Na(1)/K(1)-S(1) 3.175(2) x 4
Ag(1)-S(1) 2.580(8) x 4 Ag(1)-S(1) 2.580(6) x 4
P(1)-S(1) 2.044(2) x 4 P(1)-S(1) 2.045(2) x 4

Table S4. The EDS results of 1 and 2.

Molar ratio Na K Ag P S
1 - 10.15 21.21 15.69 52.95
2 3.89 9.18 20.79 13.82 52.33
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Table S5. Bond valence sums 1 and 2.

Atoms BVS Atoms BVS
1 2
K 0.90 Na/K 0.73
Ag 1.15 Ag 1.15
P 4.89 P 4.90
S -2.02 S -1.95

Table S6. The calculated dipole moment and distortion (oyer?) of single AgS, tetrahedron
among 1 and the known Ag-based thiophosphates.

Compound  Magnitude (deby) Cotet) Compound magnitude (deby) Cotet)
1 13.43 474.9 AgHgPS, 9.29 14.85
Ag;PS, 4.76 20.54 AgHg;PSq 8.36 73.42
AgZnPS, 7.40 18.23 AgCd;PSg 4.28 159.4

Z (6,-109.477)/5

Note: ogier>=1=1 , where oy 18 used to describe the distortion and 0, is the

bond angle.
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Table S7. The NLO data of known NLO-active thiophosphates with 3D framework.

Space Band gap PM/
Compound Structural units SHG LIDT Ref.
group (eV) NPM
Ag;PS, Pmn2, AgS4, PSy 2.43 1.3 x AGS - PM [1]
CusPS, Pmn2, CuSy, PS4 2.25 0.5 x AGS - NPM [1]
Ag;sCu; s PS4 Pmn2, (Ag/Cu)Sy, PSy 2.37 0.8 x AGS - PM [1]
Eu,P,S¢ Pn EuSg, P,Ss 2.54 0.9 x AGS 3.4 x AGS PM [2]
Ba,P,S¢ Pn BaSs, P,Ss 4.3 1.7 x AGS 5.5 x AGS NPM 3]
Pb,P,S, Pn PbSs, P2S¢ 2.6 1.4 x AGS 2.5 x AGS PM [3]
Zn;P,Sg P4n2 ZnS,, PSy 3.12 2.6 x AGS - PM [4]
Hg;P,Sg Aea? HgS,, PS, 2.77 4.2 x AGS 4 x AGS PM [5]
SnPS; Pn SnSs, P>Se 2.35 1.1 x AGS 6.9 x AGS PM [6]
KAg,PS, 42m AgS4, PSy 2.92 1.40 x AGS 3.49 x AGS PM  This work
(Nag30Ko70)AgPSs  A2m AgS,, PSy 2.89 1.65 x AGS 2.77 x AGS PM  This work
AgZnPS, Pna2, AgS4, ZnSy, PS, 2.76 1.8 x AGS - PM [7]
CuZnPS, A2m CuSy, ZnS,, PSy 3.00 3 x AGS 6 x AGS PM [8]
LiZnPS, 14 LiS,, ZnS,, PS, 3.38 0.8 x AGS - PM [7]
CusZng sP,Sg Pmn2,  (Cu/Zn)S4, ZnSy, PS4 2.31 0.3 x AGS 3.2 x AGS PM [9]
AgHgPS, Pn AgS4, HgS4, PSy 2.63 5.09 x AGS - PM [10]
CuHgPS, Pna2, CuS,, HgS4, PS4 2.03 6.5 x AGS 4.2 x AGS PM [11]
NaHgPS, PAn2 HgS4, PSy 2.78 3.14 x AGS - PM [12]
KHgPS, Pnn2 HgS., PS4 2.90 4.15 x AGS - PM [12]
AgHg;PS¢ Cc AgS4, HgS4, PSy 1.85 0.5 x AGS - NPM [13]
CusHg sP,Ss Pmn2, CuS,, HgS4, PS4 2.12 0.8 x AGS - PM [13]
AgCd;PSe Cc AgSy, CdS,, PS4 2.56 0.45 x AGS - - [14]
CuCd;PS, Cc CuS,4, CdS,, PS4 2.24 0.9x AGS 4.1 x AGS NPM [15]
LiCd;PSg Cc LiS,4, CdS4, PS4 2.97 0.8 x AGS 5.5 x AGS PM [16]
AgGa,PSq Cc AgS;, GaS4, PSy 2.75 1 x AGS 5.1 x AGS PM [17]
LiGa,PS¢ Cc LiS4, GaS,, PS4 3.15 0.5 x AGS 10.4 x AGS - [16]
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KSbP,Se
KBiP,Ss
KzBﬁPzSG

RbBiP,S;

Pna21
Pna?2,
Pna21

P2,

KSo, SbS;, P,Ss
KSy, BiS7, P»Sg
KS;,KSg, BaSi, P>S¢

BiS;, P,Sg

2.9

23

4.1

2.10

2.2 x AGS

1.8 x AGS

2.1 x AGS

11.9 x AGS

3 x AGS

3 x AGS

8 x AGS

11.3 x AGS

PM

PM

PM

PM

[18]
[18]
[18]

[19]

Table S8. The measured birefringence of 2 at the wavelength of 546.1 nm with polarizing

microscope.
Crystal Retardation (AR, ym) Thickness (#m) Birefringence (An)
2 1.618 6.7 0.24
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(b)

Fig. S1. Photographs of the crystals for (a) 1 and (b) 2.
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Fig. S2. The EDS images for single crystals of (a) 1 and (b) 2.
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Fig. S3. AgS, tetrahedra in (a) 1, (b) AgzPSy, (c) AgZnPS,, (d) AgHgPS,, (e) AgHg;PSs, and

(f) AgCdsPSs.
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Fig. S4. Structural evolution from (a) AGS to (b) 1.
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Fig. S5. Tauc plots of 1 and 2. n =2 (red and blue lines): direct band gap; n = 1/2 (green lines):
indirect band gap.
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Fig. S6. FT-IR spectra for 1 and 2.
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Fig. S7. TGA-DSC curves for 1 and 2.
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Fig. S8. The calculated real parts (a and b) and imaginary parts (b and d) of optical dielectric

functions for 1 and 2.
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Fig. S9. The frequency-dependent birefringence 4n of (a) 1 and (b) 2.

Fig. S10. Photograph of 2 for the birefringence measurement.
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